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BACK-LIGHT MODULE FOR IMAGE
SCANNING DEVICE AND METHOD FOR
CALIBRATING ILLUMINATION WITH
BACK-LIGHT MODULE

This 1s a Continuation Patent Application of U.S. patent
application Ser. No. 09/900,865 filed Jul. 10, 2001 now U.S.

Pat. No. 6,999,212 titled, “Back-Light Module For Image
Scanning Device and Method for Calibrating Illumination

with the Back-Light Module” by Che-Kue1 Mai, assigned to
the assignee of the claimed subject matter.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention generally relates to a back-light
module of 1image scanning devices for transmissive original
documents, and 1n particular to a method for calibration of
1llumination 1n order to obtain a substantially uniform 1llumi-
nation over an original document

2. Description of the Prior Art

Document scanners are generally classified in two types
for respectively handling a retlective original document
which comprises an opaque substrate and a transmissive
original document which comprises a transparent substrate. A
transmissive original document scanner comprises a back-
light module for generating light projecting the image formed
on an original onto an 1mage sensor system of the document
scanner.

A conventional back-light module comprises a movable
line-type light source which 1s moved 1n a given direction
from one end of the original document to an opposite end. A
driving system 1s required to move the light source which
complicates the overall structure of the back-light module.

Another conventional back-light module comprises a sur-
face-type light source which requires no movement of any
parts of the back-light module. FIG. 1 of the attached draw-
ings shows an 1mage scanning device having a back-light
module comprising a surface-type light source and FIG. 2
shows an exploded view of the back-light module.

As shown 1n FIG. 1, a conventional scanner for transmis-
stve original documents, designated with reference numeral
1, comprises a housing (not labeled) having a transparent
document supporting plate 10 for supporting an original
document (not shown) containing an original and a back-light
module 3 1n the form of a flip cover for selectively covering,
the document supporting plate 10. An optical scanning mod-
ule 11 comprising a sensor system 1s movably supported
inside the housing by guide rails 12, 13 for moving 1n a
longitudinal direction (Y direction) under the control of a
control unit 14. The sensor system comprises a line of sensing
clements, such as an array of CCD (Charge Coupling
Device), arranged 1n a lateral direction (X direction) onto
which a “scan line” of the original 1s projected by light gen-
crated by the back-light module 3. The sensing clements
convert the optical signal caused by the scan line into electri-
cal representation of the scan line. By moving the optical
scanning module 1n the longitudinal direction line by line or
step by step and scanning the original one scan line at a time,
the original or a portion of the original document may be
scanned.

As shown 1n FIG. 2, the back-light module 3 comprises a
casing 31 having an open bottom closed by a bottom plate 32.
An opening 32a 1s defined 1n a central area of the bottom plate
32 recerving and retaining a transparent plate 37. Two tubular
lamps 41, 42, such as cold cathode fluorescent lamps, are
arranged 1nside the casing 31 and spaced from each other with
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a light guide plate 34 disposed therebetween. Two diffusion
boards 335, 36 are arranged between the light guide plate 34
and the transparent plate 37. Light from the tubular lamps 41,
42 are guided by the light guide plate 34 for spreading over
and projecting from the light guide plate 34 onto the diffusion
boards 35, 36. The light 1s further distributed by the diffusion
boards 35, 36 to uniformly project toward and through the
transparent plate 37. A reflective sheet 33 1s arranged between
the light guide plate 34 and a top of the casing 31 for directing
light back to the transparent plate 37.

Since uniform distribution of light 1s required 1n obtaining
good result of scanning transparent original documents, the
diffusion boards 35, 36 are important parts for the conven-
tional scanner. Although an i1llumination calibration zone 2
extending 1n the direction of the CCD array, namely the X
direction (or the lateral direction as defined above), for cali-
bration of illumination of the back-light source, there 1s no
way 1n the conventional design to calibrate 1llumination in the
Y direction (or the longitudinal direction as defined above).
Uniformity of 1llumination in the Y direction 1s 1n generally
achieved by the diffusion boards 35, 36. However, using
diffusion boards to uniformly distribute light complicates the
overall structure of the back-light module and increases costs.

Thus, 1t 1s desired to provide a back-light module of an
image scanning device for overcoming the above discussed
problems.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to pro-
vide a back-light module of an 1mage scanning device having
a simple structure and thus low costs.

Another object of the present invention 1s to provide a
method for operating the back-light module to achieve an
excellent scanning result of a transparent original document.

According to the present invention, a back-light module of
an 1mage scanning device comprises a casing having an open
bottom, a pair of tubular lamps mounted inside the casing
with a light guide plate arranged between the lamps and a
frosted transparent plate attached to the open bottom of the
casing. The image scanning device includes a document sup-
porting plate for supporting a transmissive original document
and an optical scanning module containing sensing elements
arranged 1n a line 1 a lateral direction and movable 1n a
longitudinal direction 1n a scan line by scan line fashion. The
back-light module 1s selectively positioned on the document
supporting plate with the frosted plate facing the document.
Light 1s projected from the back-light module through the
document and toward the sensing elements. The frosted plate
functions to more uniformly distribute the light over the docu-
ment supporting plate.

A method for calibrating illumination of a surface type
back-light source 1s also provided 1n the present invention.
The calibration of 1llumination 1s done by (1) activating the
back-light module to project light onto the sensing elements,
(2) driving the optical scanning module 1n the longitudinal
direction, (3) obtaining 1llumination signals associated with
selected pixels of a longitudinally-extending calibration zone
formed on the document supporting plate, (4) comparing each
illumination signal with a reference to obtain a result and
mampulating the result to obtain a calibration parameter, and
(5) calibrating 1llumination of pixels of an 1image with the
corresponding calibration parameters 1n scanning a transmis-
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stve original document on which the image 1s formed to
obtain an excellent scanning result of the document.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be apparent to those skilled 1n
the art by reading the following description of a preferred
embodiment and the best mode of operation thereof with
reference to the attached drawings, 1n which:

FIG. 1 1s a perspective view of a conventional flat bed
image scanning device having a back-light module thereon;

FI1G. 2 1s an exploded view of the back-light module of the
conventional image scanning device of FIG. 1;

FIG. 3 1s an exploded view of a back-light module con-
structed 1n accordance with the present invention;

FIG. 4 1s a perspective view of an 1image scannming device
constructed in accordance with the present invention; and

FIG. 5 1s a flow chart of a method for calibrating 1llumina-
tion of the back-light module of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the drawings and 1n particular to FIG. 3,
a back-light module constructed in accordance with the
present 1nvention, generally designated with reference
numeral 3', 1s shown. It 1s to be noted that, for simplicity,
similar elements through the drawings will be designated
with same or like reference numerals.

The back-light module 3' comprises a casing 31 inside
which two spaced tubular lamps 41, 42, such as cold cathode
fluorescent lamps. A light guide plate 34 1s arranged between
the tubular lamps 41, 42. A reflective sheet 33 1s located
between the light guide plate 34 and the casing 31. A frosted
light-transmissive plate 38, such as a frosted transparent
acrylic board, 1s attached to a bottom opening (not labeled) of
the casing 31 opposing the light guide plate 34 for distributing,
light from the light guide plate 34. The frosted light-transmis-
stve plate 38 also protects the light guide plate 34 and prevents
debris and other contamination from entering the casing 31.

FIG. 4 shows an 1mage scanning device, generally desig-
nated with 10 reference numeral 1, incorporating the back-
light module 3' of the present invention. The 1mage scanning
device 1 comprises a housing having a top surface, providing
a document supporting plate 10. The back-light module 3' 1s
pivotally attached to the housing for selectively positioning,
on the document supporting plate 10 or covering an original
document placed on the document supporting plate 10. A pair
of guide rails 12, 13 extending 1n a longitudinal direction (Y
direction) 1s arranged inside the image scanning device for
movably supporting an optical scanning module 11 whereby
the optical scanming module 11 1s controlled by a control unit
14 to move 1n the longitudinal direction Y.

The 1image scanning device 1 comprises a line of 1image
sensing elements (not shown), such as a CCD array, extend-
ing 1n a lateral direction (X direction) for detecting a scan line
of the original document when light 1s generated by and
projected from the back-light module 3', through the trans-
missive original document, onto the optical scanning module
11.

A first calibration zone or X-directional calibration zone 2
extending in the X direction (lateral direction) 1s attached to
the bottom surface of the document supporting plate 10 for
calibration of 1llumination in the lateral direction, namely the
X direction. A second calibration zone or Y-directional cali-
bration zone 4 extending in the Y direction (longitudinal
direction) 1s attached to the bottom surface of the document
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supporting plate 10 for calibration of illumination 1n the Y
direction. By means of the provision of the second calibration
zone 4, a calibration of illumination of the light projected
from the frosted plate 38 can be performed to obtain an
excellent scanming result without using diffusion boards
employed 1n the conventional scanner.

FIG. 5 shows a flow chart of illumination calibration car-
ried out 1n accordance with the present invention. The cali-
bration of illumination 1n the lateral direction 1s known to
those skilled 1n the art and no further discussion will be given
herein. The operation of i1llumination calibration performed
by the tlow chart of FIG. 5 1s mainly for calibration of illu-
mination in the longitudinal direction (Y direction). The
operation begins at step 101. The back-light module 3' 1s
provided and activated to generate and project light onto the
optical scanning module 11 (step 102). The optical scanning
module 11 1s then driven to sequentially move from one scan
line to the next one in the Y direction or longitudinal direction
(step 103). The 1mage sensing elements of the scanning
device I detect an 1image signal of each pixel of the second
calibration zone 4 when moving in theY direction and convert
and store the optical signal 1nto an electrical representation
corresponding to 1llumination of the pixel (step 104). The
storage of the electrical signals can be done with memory
means provided in the scanner. If desired, the electrical rep-
resentation may be taken at a gtven number of scan lines, such
as every five scan lines. That 1s the optic signal of the pixels 1s
taken every five successive pixels i the longitudinal direc-
tion. In case of color scanners, different electrical represen-
tation for red, green and blue colors can be taken separately.

In step 103, a preset illumination reference signal 1s pro-
vided, which may be stored in a memory unit of the scanner.
Then, the electrical representation of the illumination of
selected pixel 1s compared with the preset illumination refer-
ence signal 1n step 106. The comparison result 1s then used to
evaluate the difference of illumination between two succes-
stvely-taken pixels that belong to different scan lines and a
calibration parameter indicating the difference 1s obtained
based on the difference of 1llumination (step 106). The param-
eters are then stored. In case of color scanners, different
parameters are obtained for red, green and blue colors of each
image pixel.

The stored parameters may be retrieved later to calibrate
the 1llumination of pixels of an 1mage obtained from a trans-
missive original document. When an original document 1s
scanned, the illumination of each pixel 1s obtained through
the sensing elements of the image scanning device. The illu-
mination of each pixel 1s then calibrated with the correspond-
ing parameter that 1s obtained previously and stored 1n the
memory means (step 107). After each pixel 1s calibrated with
the corresponding parameter, the whole 1mage may then out-
put through suitable output means (step 108).

In briet, the scanner in accordance with the present inven-
tion employs a frosted plate to replace the diffusion boards
adapted 1n the conventional scanner. This simplifies the over-
all structure and reduces the costs. The 1llumination of each
pixel of an 1mage that 1s being scanned 1s then calibrated with
the corresponding calibration parameter previously obtained
to alleviate and even overcome the possible non-uniform
distribution of 1llumination 1n the longitudinal direction. An
excellent quality of image can thus be obtained.

Although the present mvention has been described with
reference to the preferred embodiment and the best mode of
operation thereoft, it 1s apparent to those skilled 1n the art that
a variety ol modifications and changes may be made without
departing from the scope of the present invention which 1s
intended to be defined by the appended claims.
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What 1s claimed 1s:

1. An apparatus: comprising;

an optical scanning module being capable of being driven
in a longitudinal direction;

a first transmissive calibration zone 1n the longitudinal
direction;

a back-light module capable of i1lluminating the optical
scanning module;

a second transmissive calibration zone in a latitudinal
direction, wherein the first transmissive calibration zone
and the second transmissive calibration zone are dis-
posed between the back light module and the optical
scanning module; and

a processing module capable of obtaining a signal of a
selected pixel of one of the calibration zones, wherein
the processing module 1s further capable of:
obtaining a calibration parameter; and
calibrating the 1llumination of an 1mage;

wherein the back-light module comprises:

a light guide plate; and

a light-transmissive plate to distribute light guided by
the light guide plate, the distributed light for 1llumai-
nating a document represented by the obtained signal.

2. The apparatus of claim 1, wherein the light transmissive
plate 1s frosted.

3. The apparatus of claim 2, wherein the back-light module
comprises a reflective surface disposed between the light
guide plate and a casing of the back-light module.

4. The apparatus of claim 1, wherein the light-transmissive
plate 1s disposed below the light guide plate.

5. The apparatus of claim 4, wherein the light-transmissive
plate 1s frosted.

6. The apparatus of claim 1, wherein the back-light module
comprises a reflective surface disposed between the light
guide plate and a casing of the back-light module.

7. The apparatus of claim 3, wheremn a light source 1s
adjacent to the light guide plate.

8. The apparatus of claim 1, wherein the processing module
1s operable to:

analyze the signal to obtain an illumination value corre-
sponding to the selected pixel;

compare the obtained illumination value to a stored 11lumi-
nation reference value; and

identify the calibration value according to the comparison.

9. The apparatus of claim 8, wherein the processors are
turther operable to calibrate the i1llumination of the image
according to the calibration value.

10. An apparatus, comprising:

means for projecting light onto a transmissive document, a
portion of the projected light to pass through the trans-
missive document and 1lluminate an optical scanming
module;

means for driving the optical scanning module 1n a longi-
tudinal direction:

a transmissive calibration zone 1n the longitudinal direc-
tion;

a transmissive calibration zone 1n a lateral direction,
wherein the transmaissive calibration zones are disposed
between the light projecting means and the optical scan-
ning module;

means for obtaining a signal of a selected pixel of one of the
calibration zones:

means for comparing the signal with a pre-set reference to
obtain a calibration parameter; and

means for calibrating an illumination of an 1image accord-
ing to the calibration parameter.
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11. The apparatus of claim 10, wherein said optical scan-
ning module further comprises means for obtaining an image
signal of a selected pixel.

12. The apparatus of claim 10, wherein said selected pixel
represents red, green and blue colors.

13. The apparatus of claim 10, further comprising means
for determining said calibration parameter with respect to the
signal and a reference 1llumination intensity.

14. The apparatus of claim 13, further comprising a means
for retrieving the reference from storage 1n a memory unit.

15. The apparatus of claim 10, wherein the means for
projecting light comprises a frosted light-transmissive plate.

16. The apparatus of claim 15, wherein the means for
projecting light further comprises a light guiding plate dis-
posed on the frosted light-transmissive plate.

17. The apparatus of claim 10, further comprising a hous-
ing, wherein the means for projecting light 1s pivotally
attached to the housing.

18. An apparatus, comprising;:

an optical scanning module being capable of being driven

in a longitudinal direction;

a first transmissive calibration zone in the longitudinal

direction;

a back-light module capable of illuminating the optical

scanning module;
a second transmissive calibration zone in a latitudinal

direction, wherein the first transmissive calibration zone
and the second transmissive calibration zone are dis-
posed between the back light module and the optical
scanning module; and

a processing module capable of obtaining a signal of a
selected pixel of one of the calibration zones, wherein
said processing module 1s further capable of:
obtaining a calibration parameter; and
calibrating the 1llumination of an 1mage;

wherein the back-light module comprises:

a casing;

a light source 1n the casing;

a light guide plate adjacent to the light sources;

a reflective sheet between the casing and the light guide
plate; and

a frosted light-transmissive plate disposed below the
light guide plate.

19. The apparatus of claim 18, wherein the casing includes
two cold cathode fluorescent lamps and wherein the light
guide plate 1s disposed between the two lamps.

20. The apparatus of claim 18, further comprising a hous-
ing, wherein the back-light module 1s pivotally attached to the
housing.

21. The apparatus of claim 18, wherein the casing includes
a plurality of light sources.

22. An apparatus, comprising:

a back-light module;

a light sensor to receive light generated by the back light

module;

a document holder for holding a document between the
back-light module and the light sensor;

a light source 1n the back-light module, the light source for
illuminating the document and allowing light represent-
ing at least a portion of the document to be received by
the light sensor; and

calibration circuitry operable to:

obtain data corresponding to a first portion of a first scan
line and a second portion of a second different scan line;

determine a difference 1n illumination intensity between
the first portion of the first scan line and the second
portion of the second different scan line; and

identily a calibration value based on the determined differ-
ence.
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23. The apparatus of claim 22, wherein the calibration determine the difference in i1llumination intensity between
circuitry 1s further operable to: the first portion of the first scan line and the second
obtain a pixel representing at least a portion of the docu- portion of the second different scan line using the com-

ment; and
change an 1llumination intensity the pixel according to the 5
identified calibration value.

parison result.

25. The apparatus of claim 24, wherein the calibration zone

24. The apparatus of claim 22, wherein the calibration represented by the compared illumination intensity 1is
circuitry is further operable to: attached to a bottom surface of the document holder and

compare an illumination intensity of a calibration zone to a oriented 1n a direction that 1s perpendicular to the scan lines.

present i1llumination reference signal, the comparison 10
providing a comparison result; and £ % % k%
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It Is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Pg, Item (54), please replace “WITH BACK-LIGHT MODULE™ with --WITH THE
BACK-LIGHT MODULE--.

Title Pg, Item (74), please replace “Solowitz™ with --Stolowitz--.

At column 1, line 3, please replace “WITH BACK-LIGHT MODULE” with --WITH THE
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